INTRODUCTION
MD, USA) were harvested and washed by centrifugation in sterile normal saline.
Monoclonal antibodies: development and production
Monoclonal antibody to the O-polysaccharide of E. coli O18 LPS was produced by a mouse hybridoma (gift of A. Cross). 12 Monoclonal antibodies were prepared against OmpA, PAL, and MLP as previously described. 11 Briefly, BALB/c mice (Charles River Laboratories, Wilmington, MA, USA) were immunized with heat-killed, lyophilized E. coli J5 vaccine and splenocytes were fused with myeloma cells using standard laboratory techniques. 13 Bacterial ELISA and immunoblotting were used to detect clones producing anti-OMP antibodies. Antibodies were produced in mouse ascites or using an artificial capillary cell culture system (Cellmax, Cellco, Laguna Hills, CA, USA) as previously described. 11 Anti-OMP monoclonal antibodies showed no cross-reactivity with LPS or with proteins in human serum by immunoblotting.
Preparation of rabbit antisera
Sera and antisera were prepared from the blood of 2-3 kg New Zealand White rabbits (ARI Breeding Laboratories, East Bridgewater, MA, USA). Antiserum to a vaccine of heat-killed E. coli J5 (J5 antiserum) was prepared from pooled blood from 10 rabbits. 14 Rabbit antiserum to the O-polysaccharide of E. coli O18 LPS (O18 antiserum) was prepared against vaccine consisting of purified E. coli O18 O-polysaccharide conjugated to toxin A of Pseudomonas aeruginosa (gift of A. Cross). 15 IgG was purified by passage over a protein G-Sepharose 4 fast-flow column (Pharmacia, Piscataway, NJ, USA) as previously described. 16 IgG in J5 antiserum (J5 IgG) does not crossreact with components of normal human serum by immunoblotting. IgG in O18 antiserum (O18 IgG) does not cross react with LPS from heterologous bacteria, outer membrane proteins (OMPs), or with components of normal human serum by ELISA or immunoblotting.
Model of Gram-negative sepsis in burned rats
Release of OMPs was studied in an infected burn model in rats that was adapted from a murine sepsis model as previously described. 17, 18 Briefly, male Sprague-Dawley rats were anesthetized and subjected to a 15% total body surface area full-thickness burn using heated brass rods and then inoculated by intradermal injection of E. coli O18:K1:H7 (10-100 colony forming units in 500 µl saline) in the area between burned patches. Control rats received the burn but were inoculated with saline instead of bacteria. At 72 h, all rats that were inoculated with bacteria had positive blood cultures. Rats were given an intravenous dose of ceftazidime (80 mg/kg) at 72 h. Blood was collected 3 h later, and plasma was prepared and then filtered (0.45 µm) to remove intact bacteria.
Affinity purification of bacterial components released into septic rat plasma using antibody-conjugated beads
Normal rabbit IgG, J5 IgG, and O18 IgG were covalently conjugated to magnetic beads (BioMag Amine Terminated 8-4100, Per Septive Diagnostics, Cambridge, MA, USA) according to the manufacturer's directions. Filtered plasma from septic and control rats was incubated overnight with antibody-conjugated beads (final concentration of IgG 100 µg/ml). Antigen was eluted and analyzed by immunoblotting using a mixture of the monoclonal antibodies specific for OmpA, PAL, and MLP as staining antibodies. 11
RESULTS

OmpA, PAL, MLP, and LPS circulate in septic rat blood
Plasma collected from bacteremic (n = 11) and control (n = 4) rats was filtered and incubated with antibody-conjugated magnetic beads. Captured antigens were analyzed for the OMPs by immunoblotting ( Fig. 1) . LPS was affinity-purified from sterile filtrates of plasmas from septic rats using O18 IgG (Fig. 1, panel 3 ). OmpA and PAL were detected in 81% of these samples, and MLP was detected in 45% (Table 1) .
To further probe the interaction between J5 IgG and released OMPs, plasma filtrates were incubated with J5 IgG-conjugated magnetic beads ( Fig. 1, panel 2) . The percentages detected were 81%, 55%, and 27% for PAL, OmpA, and MLP, respectively (Table 1) . LPS was not detected in samples that were affinity-purified on J5 IgG or normal rabbit IgG as assessed by immunoblotting using anti-O18 IgG as a primary antibody (data not shown). None of the OMPs were detected in samples prepared from the 4 control rats that were burned but not infected ( Fig. 1 ). There was some staining of the OMPs in samples affinity-purified using normal rabbit IgG (37%, 27%, and 18% for OmpA, PAL, and MLP, respectively; Table 1 ). We attribute this to the presence of low levels of anti-OMP antibodies, which we have detected in normal rabbit serum (data not shown). It is also possible that this is due to capture of the OMP/LPS complexes by naturally occurring IgG against core LPS structures or that it represents non-specific binding of the complexes.
DISCUSSION
Because LPS is a potent trigger of inflammation, considerable research has focused on it as a primary bacterial toxin in Gram-negative sepsis. In the last several years there has been increasing evidence that microbial lipoproteins are pro-inflammatory. Bacterial lipoproteins such as MLP and Borrellia outer surface proteins, as well as mycobacterial lipoproteins are known to have pro-inflammatory activity. [19] [20] [21] [22] Protein contaminants of rough LPS preparations have been reported to increase secretion of cytokines and to increase cytokine mRNA levels by C3H/HeJ macrophages, and a recent study suggests that these protein contaminants may stimulate via TLR-2. 23, 24 Zhang et al. reported that MLP stimulates TNF and IL-6 production by cultured C3H/HeJ and C3H/HeOuJ macrophages and induces lethal shock in C3H/HeJ and C3H/HeOuJ mice. 19 Our studies indicate that at least three conserved bacterial outer membrane proteins (OmpA, PAL, and MLP) are released by E. coli O18:K1:H7 bacteria in experimental Gram-negative sepsis. Some proportion of these OMPs circulate in conjunction with each other and with LPS. These data are consistent with in vitro studies indicating that fragments containing LPS and proteins are shed by E. coli bacteria growing in culture media and by Salmonella abortus equi and E. coli bacteria into human serum. 6, 25, 26 Previously we showed that PAL is released by a variety of enteric Gram-negative bacteria into human serum and that released PAL is captured from human serum by J5 IgG. 6 The present studies indicate that PAL is also released in experimental sepsis. However, although there was more capture of PAL relative to the other OMPs, OmpA and MLP were also detected in some samples affinity-purified using J5 IgG. These data raise the question as to whether anti-OMP antibodies may have been in part responsible for the protection previously reported with antisera raised to rough Gram-negative bacteria. [7] [8] [9] [10] The data suggest a complex pattern of release of cell wall components in sepsis with shedding not just of LPS monomers and LPS aggregates, but also of larger fragments comprised of multiple cell wall components, including at least two lipoproteins. Further studies will be necessary to determine whether OmpA, PAL, and/or OmpA, PAL, and MLP are released in experimental Gram-negative sepsis 71 Fig. 1 . Immunoblot of bacterial fragments circulating in a burn infection model of E. coli O18:K1:H7 sepsis. Shown are data from 2 representative rats -1 rat that was burned and infected, and a control rat that was treated identically but received saline instead of bacteria. Plasma was collected at 75 h, filtered to remove intact bacteria and then incubated with antibody-conjugated beads (normal rabbit IgG, polyclonal rabbit J5 IgG, or polyclonal rabbit IgG specific for the Opolysaccharide side chain of E. coli O18 LPS). The immunoblots were developed using a mixture of monoclonal antibodies directed against OmpA, PAL, and MLP as primary antibody.
MLP circulate in other animal models of sepsis and in human sepsis, and whether circulating OMPs are involved in the pathogenesis of Gram-negative sepsis.
